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It  is  a  general  rule  that  the  true  toxins  derived  from  cultures
of  pathogenic  microorganisms  must  be  introduced  parenterally  if
they  are  to  act  on  the  animal  organism.  When  given  by  mouth,
even in very large  amounts, they tend  to be harmless.  The failure
of the toxins to act under  these circumstances  is ordinarily ascribed
to  the  fact  that  they  are  subject  to  destruction  by  the  digestive
juices.  Botulinus toxin,  however,  presents  a notable  exception  to
the rule just mentioned.  It  is poisonous for experimental  animals,
whether administered parenterally  or per os.  Unlike  other bacterial
toxins,  botulinus  toxin  is  not  usually produced  within  the animal
body and it is doubtful whether botulism ever occurs naturally in any
way other than as a result  of the ingestion of a preformed  toxin.
Several  authors,  beginning  with Van  Ermengem,  1l',3  were  unable  to produce
experimental botulinus infection and concluded  that B.  botulinus is a saprophyte
capable  of  producing  active  toxin  only  outside  of  the  animal body.  Dickson'
has confirmed  these  early observations  with the finding that "the  optimum tem-
perature for  Bacillus botulinus is  from 24°C.  to  28
0C."  and that "the  toxin will
not form at 370C., the normal temperature  of the body."  Though more recently
it has been shown that a majority of strains of B. botulinus  is capable of producing
the most potent  toxin  at body  temperature  in  artificial  media,5 the  production
of toxin  in vivo  as  a result  of botulinus infection  is  still  regarded  as  doubtful.
* This work was done under a grant from The National Canners' Association.
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Thus,  Orr6 in  this  laboratory  as well  as  Edmondson,  Giltner,  and Thom 7 have
found  that toxin is apparently produced  in vivo in  guinea  pigs inoculated  or fed
with toxin-free spores of B. botulinus but only when  the quantity of spores admin-
istered  is  far  greater  than  that  obtaining  under  the  circumstances  of  natural
exposure.  Their conclusion,  therefore,  was that, while theoretically possible,  the
occurrence of botulinus infection in nature  is questionable.
In connection with the fact that botulinus toxin is highly poisonous
when  administered  by  mouth,  the  question  of  the  exact  path  of
absorption  of  the  toxin  naturally  arises.  There  are  several  pos-
sibilities  to  be  considered.  Botulinus toxin may  be  absorbed  even
before  it  reaches  the  stomach;  or,  it  may  be  absorbed  from  the
stomach,  and  in  this  case  it must  be  comparatively  resistant  to
the  action  of  the  secretions  there  encountered;  or again,  the  toxin
may  pass  through  the  stomach  and  be  absorbed  by  the intestinal
mucosa,  in  which  case  it  must  not  only  withstand  the  action  of
the stomach juices but  also  the action  of  the secretion  encountered
in  the  intestine.  Whichever  set  of  conditions  actually operates  in
the case of  botulinus toxin to allow its absorption from the digestive
tract, it is evident that the composition  or-the  response to the toxin
must  essentially  be  different  from  that  of  diphtheria  or  tetanus
toxin, since  it is well known  that the latter are  promptly destroyed
when introduced by mouth. 8 9 '10
The  Acid-Combining Power of  botulinus Toxin.
We  did  not attempt  to determine  whether  botulinus toxin passes
to.any extent  through  the walls  of  the  upper part of  the digestive
tract.  It is  sufficient  to say that if this portion  of the tract  is en-
tirely excluded,  as  is  the  case  when  toxin  is  administered  through
a stomach  tube,  intoxication  proceeds  at the  usual  rate.  For this
reason,  our  study  has  been  limited  to  an  inquiry  into  the  effect
6 Orr, P. E., Proc. Soc. Exp. Biol. and Med.,  1919-20,  xvii, 47.
7 Edmondson,  R.  B.,  Giltner,  L. T.,  and  Thom,  C.,  Arch.  Int. Med.,  1920,
xxvi, 357.
8  Ransom,  F., Deutsch. med. Woch.,  1898,  xxiv,  117.
9 Nencki, M., Sieber, N., and Schoumow-Simanowski,  E.,  Centr. Bakt.,  1. Abt.,
1898,  xxiii,  840, 880.
1  0 Carriere,  G., Ann. Inst. Pasteur, 1899,  xiii, 435.
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of  changes  in  hydrogen  ion  concentration  (to  which  the  toxin  is
subjected  in  passing  through  the  stomach  and  intestines)  either
alone  or  combined  with the  effect  of  the digestive  ferments.
It  has  been  stated  in  the  literature  that  botulinus toxin  is  rela-
tively  resistant  to  acid.  Thus,  Landmann n found  that  it  resisted
exposure  to N/5  HC1  for  24 hours.  However,  neither  he nor other
early  investigators2 13  took  into  consideration  the  buffer  content
of the vehicle  fluid in  which  toxin is present.  As  can be  seen  from
Text-fig.  1,  which will be  discussed more fully in succeeding  papers,
the  acid-combining  power  of  filtrates  of  botulinus culture  is  quite
high,  even  at  the  beginning  of  the  growth  of  the  organism.  But
it  increases  to  a  remarkable  extent  as  the  culture  ages,  and  coin-
cidentally  with  the development  and  accumulation  of  toxin.
A  flask containing about 500  gin. of chopped beef  heart  overlaid  with 500 cc.
of glucose  peptone  broth was  richly  seeded  with  an  actively  growing  culture  of
B.  botulinus  (Type  A)  and  incubated  at  370C.  24  hours  later  and  every  day
thereafter a  10  cc.  portion of clear broth was removed,  filtered through  a Berke-
feld  filter,  and the  filtrate thus obtained was  used for determining  the hydrogen
ion  concentration  of  the  culture,  its  acid-combining  power,  and  its  toxicity
for mice.
The  hydrogen  ion  concentration  was  determined  electrometrically  by  means
of  the  potentiometer  of Bovie.  The  acid-combining  power  was determined  by
measuring  the  amount  of N/3  hydrochloric  acid required  to bring the hydrogen
ion concentration of 5 cc. of the sample of broth to C.  =  1 X  10
- 4. The toxicity
was  determined by  intraperitoneal  injection  into  mice  of serial  dilutions  of  the
filtrate, and the findings were expressed  on the chart in terms of the smallest abso-
lute amount  of the filtrate causing death of mice in about 24 hours.
Resistance of  botulinus Toxin  to  Changes in Hydrogen Ion Con-
centration of  the Mediumnz.-In view  of  wide variations  in the  buffer
content  of the culture  filtrates of Bacillus botulinus as demonstrated
above, it is evident that the early statements concerning  the relative
resistance  of  botulinus toxin  to  acid  required  further  confirmation
For this purpose,  nine 3  cc. portions of botulinus toxin of known potency were
mixed  with equal  volumes  of hydrochloric acid or  sodium hydroxide  of different
I' Landmann,  G.,  lyg. Rundschau, 1904,  xiv, 449.
12 Van  Ermengem, E., Z. Hyg. u. Infectionskrankh.,  1897,  xxvi, 34.
1' Leuchs,  J., Z. Hyg. u. Infectionskrankh., 1910,  xv,  55.
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concentrations  and  incubated  for  24  hours at  37°C.  Various  concentrations  of
acid and  alkali  were  obtained by  mixing  suitable amounts  of these  reagents  in
ni  CC.
r
i I
.,
0 4a 0
U 4q_ g
Days  O  1  Z  3  4  4  D  b  X
Time
TEXT-FIG.  1.  Changes  in hydrogen  ion  concentration,  buffering  power,  and
toxicity  in the course  of the growth  of B. botulinus.
N/2  concentration  with  sufficient  physiological  salt  solution  to bring, the  total
volume of each mixture to 3 cc. as shown in Table I.  At the expiration of 24 hours
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determined by means of a potentiometer.  Each mixture was diluted with physio-
logical  salt  solution 5,000 times  (making a  total dilution of 10,000)  and 0.3 cc.  of
each  of  these  solutions  was  injected  intraperitoneally  into  three  mice.  Thus,
each one of  the twenty-seven mice received  0.00003 cc.  (or 3  X  10
- 5 cc.)  of the
original  toxin  (10  M.L.D.)  modified  to various  degrees  by  incubation  with  acid
and alkali respectively  (Table I).  The potency of this toxin had been previously
determined  on mice of  17 to 20 gm.  The smallest amount killing mice by intra-
peritoneal  injection  in  about  24  hours  was  found  to be  0.000003  cc.  (or  3  X
10
- 6 cc.).
TABLE  I.
Effect of Acid and Alkali on botulinus Toxin.
Amount
of toxin.
cc.
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
Amount
of
0.5N
HC1.
cc.
3.0
2.0
1.2
0.6
0.2
Amount
of
0.SN
NaOH.
cc.
0.2
1.1
3.0
Amount
of
salt
solution.
cc.
0.0
1.0
1.8
2.4
2.8
3.0
2.8
1.9
0.0
Result-
ant pH
(elec-
tromet-
ric).
2.3
3.4
4.1
5.0
6.1
6.9
8.1
8.9
10.1
Incubated  for
24  hrs.  at
37°C.
Result of injection of amount
equivalent to 10 Y.L.D. of toxin.
Mouse.
A
+
+
+
+
S.
B
+
+
S.
It
C
+
+
+
S.
'C
Period.
hrs.
6-9
6-  9
4- 6
4-8
8-10
16-20
30, 36, 96
52-96
96
+  indicates death;  S., survival.
As  will be  seen  from  the results  of  this experiment,  the  acid  did
not destroy  or  weaken  the  toxin.  In  all  cases  in which  toxin was
incubated  in  acid  solutions,  enough  remained  active  to  kill  mice;
in  fact,  these  results  suggest  that  the  toxin  exposed  to  the  action
of acid killed mice more promptly than did the original toxin.  For,
whereas  the  three mice receiving  the unmodified  toxin died in from
16  to  20  hours,  all  the  mice  receiving  the  acidified  toxin  died  in
from  4 to  10 hours.  The fact that the mice receiving  the mixtures
having  an  acidity  equivalent  to  pH = 2.3 and pH = 3.4, died  later
than  those  receiving  mixtures  having  an  acidity  equivalent  to
pH = 4.1  and  pH = 5.0  may  perhaps  indicate  that there  is an  op-
timum degree  of  acidity of  the mixtures  in so far as  concerns  theirBOTULINUS  TOXIN
potency.  This phenomenon  will  be  discussed  more  fully in one  of
the later papers  of  this series.
By  contrast,  the  exposure  of  toxin  to  free  alkali  weakened  it to
such  an extent  that in  the  case  of  the  mixture  having  a  hydrogen
ion concentration  of pH = 8.1,  one mouse out  of three survived  and
the other  two died only after 30 and 36 hours,  respectively.  When
the  hydrogen  ion concentration  of  the mixture  was  still lower,  the
effect  on  the  toxin  was  more  pronounced,  the  mixture  with  a  re-
action  of  pH  8.9 killing  only  one  out of  three  mice  while  the  most
alkaline  mixture  tested (pH  10.1)  was  apparently  devoid  of  nearly
all toxicity.
Digestive  Action  of  Pepsin and  Trypsin  on  botulinus  Toxin.-
Having  roughly  established  the effect  of  the hydrogen  ion  concen-
tration  on  the potency  of the toxin,  we  next investigated  the  effect
of  the digestive  ferments.
A small portion  of botulinus toxin  (about  25  cc.)  was  divided into  two  equal
parts.  The  hydrogen ion concentration  of these  was adjusted  to pH  =  3.0 and
pH  =  8, respectively,  by  means  of the  addition  of the  proper amounts  of  N/2
HC1  or  N/2 sodium  hydroxide,  as  determined  by previous  titration.  The  mix-
tures were  brought to equal volume by  the addition of salt solution.  Two  5 cc.
portions of the acidified  toxin were now  removed and to one  of them was added
1 cc. of a 10 per cent pepsin solution, and to the other 1 cc. of salt solution.  Simi-
larly, two 5 cc.  portions of  the alkalinized toxin were removed and to one of them
was added 1 cc.  of a  10 per cent solution of trypsin,  and to the other 1 cc. of salt
solution.  The  resulting  four  mixtures,  together  with  a  fifth  one  consisting  of
5 cc.  of the original toxin diluted to an extent equivalent  to the  above mixtures,
but having a  hydrogen  ion  concentration  of pH .=  7.0,  were  incubated  in  test-
tubes at 37C.  Small portions of the contents of the above tubes were  removed
and  tested for  toxicity  by  intraperitoneal  injection  into  mice  at intervals  indi-
cated  in Table II.
As may be seen from the results of this experiment,  the unadjusted
portion of  toxin, immediately  after dilution,  killed mice in the dose
containing  3 X  10-6 cc.  of  the  original  toxin.  Of  the two portions
of  acidified  toxin,  the  one  containing  pepsin  retained  its  original
toxicity  even  after  2 days  incubation  at  37°C.,  whereas  the  other
portion  not  mixed  with  pepsin  showed  apparently  an  increased
activity,  an  anomalous  finding  to  be  discussed  in  a  later  paper.
Tubes  4  and  5 of  the series,  containing  alkalinized  toxin with  and
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without  trypsin,  respectively,  showed  gradual  deterioration  of  the
toxin as the incubation continued for days.  The presence of trypsin
in one of  the  tubes did  not affect  the rate  of  deterioration  of  toxin,
which  deterioration  may  for  this  reason  be  ascribed  to  action  of
the  alkali alone.
TABLE  II.
Effect of Pepsin  and Trypsin on botulinus Toxin.
Tube
No.
1
2
3
4
5
Amount
of toxin.
cc.
5.0
5.0
5.0
5.0
5.0
Adjusted reaction
of toxin.
pH
7.0
(unadjusted).
3.0
3.0
8.0
8.0
Ferment
added.
Pepsin.
Trypsin.
Length
of  time at
37°C.
days
.0
.
2
1
2
1
5
10
1
5
10
Amounts  of toxin injected intraperitoneally
into mice  (18-22 gm.) in terms of
original toxin.
Q
I 0
c+ 0
+
+
+
+
+
+
+
+
+
+
d
+
+
+
+ +
S.
.
S.
8
+
+
+
+
S.
S.
it
0
+
+
+
+
S.
It
it
it
11
S.
+
S.
'C
C'
The Ferment-Inhibiting  Power of botulinus Toxin.
Since  Bacillus botulinus exhibits  marked  proteolytic  power,  for
which  reason  there  must  be  associated  with  the  toxin  a  certain
amount  of  the degradation  products  of  protein,  it. seemed  possible
that  the  failure  of  trypsin  and  pepsin  to  affect  the  toxin  might
have been due to the presence of some ferment-inhibiting  substances.
The  titer  of  an  arbitrary  solution  of  trypsin  was  determined both
in  the  absence  of  toxin  and  in  the  presence  of  an  excess  of  it.
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The  presence  of  toxin  did  not  change  the  titer  of  trypsin  as  de-
termined  by casein  digestion,  and, similarly,  toxin did  not interfere
with the  digestion  of  edestin by pepsin.
It  is  evident,  therefore,  that  the resistance  of  botulinus toxin  to
the  action  of  digestive  ferments  is not  due  to  its power  to  inhibit
the ferment activity.
SUMMARY  AND  CONCLUSIONS.
Botulinus toxin resists a degree of acidity equivalent  to that of the
stomach even when exposed  thereto  for 24 hours at 37°C.  It  is less
resistant to alkali, however,  as shown  by the fact that in a medium
of  weakly  alkaline  reaction  its  potency  is  reduced  to  less  than
one-tenth  in 24  hours.  It is  unaffected  by  peptic  and  tryptic  di-
gestion.  Because  of its instability  in mildly alkaline  solutions  and
resistance  to  acid,  there  is  reason  to  believe  that  the  toxin  is  in
the  main  absorbed  from  the  upper portion  of  the  digestive  tract;
that is to say, from the stomach and upper duodenum.
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